We explored the ability to discriminate between echolocation calls of 20 adult and 20 juvenile big brown bats (Eptesicus fuscus). Variables describing each call were entered into discriminant function analyses (DFAs) to assess the success of call separation by age, sex, and individual. In agreement with earlier findings of age-dependent differences in the echolocation calls of big brown bats, we could discriminate calls by age class (juvenile versus adult) with 75% correct classification by DFA. We were not able to separate calls by sex. For discrimination of individuals, we found 63% correct classification (compared with 2.5% expected by chance alone). Correct classification was significantly higher for adults than for juveniles (74% versus 69%), perhaps indicating that calls become more stable as a bat ages.
Variation in the echolocation calls of bats encompasses differences among species, individuals within a species, and calls of a given individual. Species differences have been explored by several researchers (Fenton and Bell 1981; Obrist 1995; Waters and Jones 1995) . Intraspecific variation in echolocation calls has been described for many species, with investigators finding colony differences (Pearl and Fenton 1996) , age differences (Jones et al. 1992 Jones and Kokurewicz 1994; Jones and Ransome 1993; Masters et al. 1995; Moss 1988; Moss et al. 1997 ), sex differences (Jones et al. 1992 Neuweiler et al. 1987; Suga et al. 1987 ), family differences (Masters et al. 1995) , and individual differences (Brigham et al. 1989; Masters et al. 1991 Masters et al. , 1995 Obrist 1995) . Differences among calls given by the same individual have been related to the stage of insect pursuit (Griffin et al. 1960 ) and other situational variables (S. C. Burnett et al., in litt.; Obrist 1995) .
* Correspondent: kazial.1@osu.edu We assessed differences in echolocation calls of big brown bats (Eptesicus fuscus) attributable to age, sex, or individual. If echolocation calls contain information about age, sex, or identity, bats might use this information to categorize other bats on the basis of their calls, which would have important implications for social interactions. For bats to access information in echolocation calls, they would have to be within hearing distance of another bat. Kick (1982) found that bats can detect echoes from a small target 5.1 m away; therefore, a bat should be able to detect calls at much greater distances. Obrist (1995) estimated detection range to be about 5-15 m, based on his ability to detect echolocation calls using his recording equipment. The information in echolocation calls would, of course, supplement that available from social calls, olfaction, and vision.
In a previous study, we examined information about individual identity, family affiliation, age class, and sex in the echolo-cation calls of big brown bats (Masters et al. 1995) . We found evidence for age-related and individual differences in calls, as well as within-family resemblance of calls between mother and offspring. We found no evidence for sex differences in the echolocation calls of juveniles. Here, we extend these results in several ways. First, because the earlier study was based on mother-offspring and sibling groups, it did not include adult males, and therefore investigation of sex differences in adult calls was not possible. The present study includes data from adult males and additional adult females so that we can more thoroughly investigate age, sex, and individual differences among both juveniles and adults. Potential sex differences in echolocation calls are of particular interest because behavioral evidence (K. A. Kazial and W. M. Masters, in litt.) suggests that female bats can discriminate between calls of adult males and females. Second, we characterize echolocation calls more completely by including additional variables during the initial stages, particularly variables providing information about the time-frequency structure of the signals, which has been shown to be important in echo processing (Masters and Raver 2000) and species identification (Parsons and Jones 1999) . Third, in this study, we use a different statistical approach from Masters et al. (1995) and a different procedure for selection of variables. We also test the significance of results from discriminant function analysis. Fourth, we examine the effect of body mass on echolocation calls. Finally, we address the issue of genetic relatedness among the juveniles in regard to our findings.
MATERIALS AND METHODS
Animals.-Between 1990 and 1995, we obtained 20 adult big brown bats (9 males, 11 females) on or near The Ohio State University campus. A bat was assumed to be an adult if it had given birth to young in the lab (9 animals) or had been in the lab for Ͼ1 year. We classified bats as juveniles if they were Ͻ1 year old at the time of recording (age range, 2-10 months). We had 10 pairs of offspring, totaling 20 juvenile bats (11 males, 9 females), all born in the lab, 2 of which were hand-raised. Each juvenile was the sibling of 1 other juvenile, whereas adults, as far as we know, were unrelated, except for 1 pair of siblings that were born in the lab and reached adulthood.
Bats were kept separately in cages or in family groups (a mother and her 2 young). Young were separated from their mothers at about 3 weeks of age and housed singly. Bats were fed a diet of larval mealworms (Tenebrio molitor) raised on flour supplemented with vitamins and minerals following the recommendations of Barnard (1995) . Vitamin-supplemented water was present ad libitum. Animals were maintained on a reversed 12L:12D schedule.
Recording.-We trained each bat to remain on a platform while echolocating toward a 6-mm microphone (Brüel & Kjaer, 4135 Naerum, Denmark) located about 15 cm straight ahead in a room (3.6 by 3.0 by 2.4 m) lined with sound absorbent foam (Sonex, Minneapolis, Minnesota). The animal was rewarded with a piece of mealworm for remaining on the platform and echolocating. The frequency response of the microphone was Ϯ4 dB from 10 to 110 kHz. Microphone output was amplified to obtain a level of 2-10 V peak to peak, filtered by a 200-kHz, low-pass, anti-aliasing filter and digitized at 500 kilosamples/s, 12-bit resolution, Ϯ5 V range, and stored directly to a computer file. After each set of 6 successive calls, the computer displayed call amplitude envelopes, allowing the experimenter to reject the set if amplitude was too low or too high. Acceptable sonar signals were stored directly to computer disk.
Echolocation call analysis.-We analyzed calls using a specially written computer program (an updated version from Masters et al. 1991) that extracted 60 variables describing each call. Among those variables were the calculated fits of 5 different mathematical functions describing the time course of the fundamental frequency. The best-fitting function (i.e., the function having the lowest average mean-squared error for all 40 bats) was an exponential-time function (Masters et al. 1991 (Masters et al. :1404 . We retained the 3 variables used by that function and excluded the 15 variables applying to other functions. We also excluded maximum call amplitude as a variable because calls were recorded at different gains and source level would probably be difficult for a bat in the field to estimate. We excluded 9 other variables because they did not apply to every call, producing 3-36% missing values. Those exclusions reduced the data set to 35 variables for each call.
For the data set used to analyze age and sex, we averaged each of the 35 call variables. Averaging was necessary to avoid inflating the classification percentage by classifying the same bat's calls repeatedly to a group (i.e., to age class or sex). Obviously, multiple calls from the same individual cannot be considered independent observations of a bat's age or sex and thus, to avoid pseudoreplication, could not be classified multiple times. To obtain averages, we randomly chose 35 calls for each bat (for 1 bat with only 35 calls, all 35 were used). We then examined bivariate correlations of all averaged variables, and in cases where 2 variables were highly correlated (Ͼ0.8), we dropped 1. The variable retained was arbitrary; however, we favored variables that were easy for an experimenter to measure. After excluding correlated variables, the data set for analysis of age and sex differences consisted of 13 variables (Appendix I).
For the data set used to analyze individual differences, we examined bivariate correlations of the 35 variables, and, in cases where 2 variables were highly correlated (Ͼ0.8), we dropped 1. After excluding correlated variables, the data set for analysis of individual differences consisted of 22 variables (Appendix I).
Variable reduction.-Although the maximum number of variables mathematically permissible in a discriminant function analysis (DFA) is 2 fewer than the total number of observations (Klecka 1980) , a high ratio of variables to observations is likely to cause statistical problems (Lachenbruch 1968 ). The difficulty is that DFA emphasizes whichever variables happen to discriminate groups best, even if these variables are essentially irrelevant (i.e., are noise). Consequently, when there are few groups and many variables, DFA classification success can be highly inflated and misleading (Lachenbruch 1967 (Lachenbruch , 1968 Lachenbruch and Mickey 1968) . Even cross-validation (also called leave-one-out) methods are not immune (Efron 1983 ). The problem is most acute when there are few groups (e.g., 2, as we had for age and sex) with few observations (in our case, as few as 10 bats/ group, with only 1 averaged observation/bat).
Statisticians are not totally united in their recommendations for dealing with this problem, but general agreement exists that stepwise approaches are particularly problematic (Rencher 1992; Rutter et al. 1991) . As a rule of thumb, the ratio of variables used in DFA to the number of cases available should be Ͻ33% (Lachenbruch and Goldstein 1979) .
With these considerations in mind, we decided that for DFA classification by age and sex we should further reduce the number of variables from 13 to 3-4. Our approach was to use principal components analysis (with varimax rotation) to reduce dimensionality of our data set. We chose the variable most highly correlated with each of the first 3-4 principal components, with the proviso that the eigenvalue of the component must be Ն1. The same procedure was followed for each subgroup of the data (juveniles, adults, males, and females). For the overall discriminations of age and sex, we chose the variables most highly correlated with the first 2 principal components for each of the 2 subgroups in the analysis. For example, for overall age discrimination, we used the variables determined from the male and female subgroups. If we had used variables from the overall data set, we might have obtained variables describing variation due to both age class and sex, rather than age alone.
The number of variables was not a problem for discrimination of individuals by DFA because here each call is an observation (a minimum of 1,164 calls) and there are many observations per bat. Even using all 22 variables retained in our initial screening, we were left with a comfortably small ratio of variables to observations.
Statistical analysis.-We conducted 2-way fixed-factor univariate analyses of variance for age, sex, and their interaction on the average values for the 13 retained variables (SPSS 1998). Our goal was to determine which variables significantly varied with age class or sex.
We determined if body mass at the time of recording differed by age class or sex using 2-sided t-tests. We then included body mass as a covariate in the univariate analyses (analyses of covariance). For those variables significant for both age and body mass (none were significant for sex), we examined correlations within each age class to determine if body mass and call characteristics covaried within an age class or only between age classes.
Calls were classified by age class, sex, or individual using DFA (SPSS 1998). Here and elsewhere the term ''call'' applies to either a single call (for discrimination of individual bats) or a bat's average call (for discrimination of age class or sex). We used the percentage of calls correctly assigned by DFA as a measure of how useful call parameters were in discriminating groups. The percentage we report was obtained using cross-validation (called leave-one-out classification in SPSS), a procedure that iteratively constructs a discriminant function based on all calls except the call to be classified, and then uses this function to classify the excluded call. Cross-validation avoids inflating the percentage of correct classification because it does not classify a call used to derive the classification function.
For DFA on individuals, we evaluated the significance of correct assignments using a proportion test with normal approximation of the binomial distribution and correction for continuity (Snedecor and Cochran 1980:117) . We did not use this method for classification by age or sex because, with so few cases, we did not want to assume a particular sampling distribution for the percent-correct statistic. Instead, we used a randomization approach (Manly 1991 ) in which we randomly shuffled group assignments (keeping the number in each group the same) and then repeated the DFA, repeating those steps 20-40 times. P-values were calculated as the proportion of times randomized data gave classification percentages greater than or equal to the actual data. More randomizations would have given a more precise estimate of the level of significance but because SPSS (1998) does not provide an automated way to perform randomizations, each test was laborious. Consequently, we deemed 40 tests to be adequate for P-values close to significance, and 20 repetitions adequate for P-values not close to significance.
Our experience using randomization to test the significance of DFA has convinced us that a test is definitely in order, because surprisingly good discrimination (as evidenced by percentage of correct assignment to groups) can occur for randomly generated ''groups.'' A randomization approach is not the only one possible, but it is effective and conceptually simple (Manly 1991) , although, in our case, somewhat tedious.
RESULTS
We obtained 3,012 calls from the 40 bats. The analysis program checked calls for probable validity and automatically excluded calls that were suspect for any reason. The 2 main reasons for exclusion were that the recording program missed, or may have missed, the beginning of the call (178 calls), or that the waveform had gaps of low amplitude (133 calls), making it difficult for the program to determine the true beginning and end of the call automatically. After exclusions, our data set consisted of 2,629 calls (1,339 male calls, 1,290 female calls, 1,465 adult calls, and 1,164 juvenile calls). The minimum number of calls per bat was 35, the maximum was 105, and the average was 65.
Univariate 2-way analyses of variance.-Of the 13 variables in our analysis, only 4 (the first 4 in Table 1 ) were significant for age (P Յ 0.002 in all cases). To avoid type I error and keep the experimentwise level of significance at 0.05, a variable was declared significant only if its P-value was Յ0.0038. No variable was significant for sex, and no interaction was found between sex and age for any variable.
Body mass as a covariate.-Body mass differed by age class (2-sample t-test, P Ͻ 0.0005) but not by sex. Mean Ϯ SE of juveniles and adults was 16.93 Ϯ 0.45 g and 20.22 Ϯ 0.62 g, respectively, and for males and females was 18.04 Ϯ 0.58 g and 19.11 Ϯ 0.71 g, respectively. Other researchers have found female E. fuscus to be significantly larger than males (Burnett 1983; Patterson and Davis 1968) . When body mass was used as a covariate in univariate, 2-way analyses of covariance, 5 variables emerged as significant for age using alpha ϭ 0.0038 (Table 1) ; the additional variable is listed last in Table 1 . Two of those variables covaried with body mass: h1@tcmax (frequency of the fundamental at the time of call maximum amplitude; P ϭ 0.005), and h1/t (the ratio of the amplitude of the fundamental to the total call amplitude; P ϭ 0.033). DFAs were run both with and without those 2 variables to determine if they were necessary for successful age classification. To keep the number of variables the same, we replaced h1@tcmax and h1/t with those variables next most highly correlated with the relevant principal components, none of which were significantly correlated with body mass.
Within age class, h1@tcmax was significantly correlated with adult body mass (r ϭ 0.577, P ϭ 0.008) but not juvenile body mass (r ϭ 0.114, P ϭ 0.633). The reverse was true for the correlation of h1/t with body mass, which was significant for juveniles (r ϭ 0.481, P ϭ 0.032) but not for adults (r ϭ 0.282, P ϭ 0.229).
Discrimination by age.-Using 4 variables, DFA was able to classify calls to proper age class with 75% success (Table  2) , a percentage that randomization suggested was greater than chance (P Ͻ 0.03). When we replaced the 2 variables that significantly covaried with body mass, DFA produced a similar percentage as correct (73%). Within sexes (Table 2), success of classification by age was 60% for females (not significant) and 70% for males (P ϭ 0.05). When we ran the DFAs using variables that did not significantly covary with body mass, we also found similar classification success (55% for females and 70% for males). Table 3 lists variables that had correlations Ն0.7 with those discriminant functions that were significant for age.
Although analysis of results suggests that classification of sonar calls by the age of the emitting bat is possible, interpretation is complicated by the fact that we had 9 family groups (mother and 2 offspring) in our sample. If higher relatedness among juveniles makes them more similar as a group, DFA might be discriminating on that basis rather than age per se. To evaluate that possibility, we removed relatedness as a factor by randomly choosing 1 member of each juvenile sibling pair, giving us 10 unrelated juveniles. Then, to keep group sizes comparable, we randomly chose 10 adults. With this random sample of bats, we performed DFA on the basis of age. We then randomly assigned bats arbitrarily to age class and repeated the DFA, thus giving us 2 percentages for correct classification (for true groups and random groups) that we could compare. In 40 repetitions of this procedure, we found that the percentage correctly classified by age (i.e., true groups) was 40-90% with a median of 70%. The percentage correctly classified to the arbitrary groups was 20-75% with a median of 50%, which was the expected success due to chance. Classification by age was higher for true groups than for random groups (Wilcoxon signed rank W ϭ 677, P Ͻ 0.0005).
Discrimination by sex.-Discriminant function analysis classified 55% of the calls correctly to sex using 3 variables (Table 2) , a success rate not significantly different from chance (P ϭ 0.45). Separating the data by age class before running DFAs on sex proved equally unsuccessful (Table 2) .
Discrimination by individual.-When we used DFA to separate individual bats, we obtained a success rate of 63.2%, well above the 2.5% expected by chance for 40 individuals (P Ͻ 0.00005). When we examined the discrimination of individuals within subgroups (i.e., juvenile, 69.2%; adult, 74.2%; male, 73.7%; female, 72.6%), we observed a 6-11% increase in classification success. That improvement in classification could have been due to less extraneous variability within subgroups leading to easier separation of individuals within the subgroup, or it could have been due to simply having fewer categories (i.e., individuals) to separate. To test those possibilities, we randomly chose 5 bats from among adult females, adult males, juvenile females, and juvenile males, thus reducing the number of bats to 20 in the DFA (the same number as in the tests within subgroups). With 20 bats, we found that correct classification by individual was 10% higher than in the complete sample of 40 bats. Therefore, the increase in classification within subgroups probably was attributable to fewer categories to discriminate. When data were separated by age class, percent correct classification by individual was 69.2% for juveniles and 74.2% for adults (2-tailed test of proportions, P Ͻ 0.00005- Snedecor and Cochran 1980: 124) . Centroids (i.e., the mean discriminant scores for each animal) for juvenile and adult bats on the first 2 discriminant functions are shown in Fig. 1 . The scatter of points around the centroids was about 1 for both juveniles and adults on both dimensions. Some suggestion existed that separation of centroids was greater among adults (Fig. 1b) than for juveniles (Fig. 1a) , with the spread of adults being about 10% broader on both dimensions and their standard deviations being larger (SD for adult versus juvenile is 2.14 versus 1.89 on dimension 1, and 1.58 versus 1.38 on dimension 2). Greater scatter among adults' centroids should lead to improved discriminability.
Part of the reason for less scatter among juveniles might be higher relatedness among juveniles because of the presence of sibling pairs ( Fig. 1a ; each sibling pair is assigned the same number). We tested if sibling pairs were, in fact, closer in discriminant-function space than would be expected by chance, as we would expect if there is a genetic or maternal influence on the characteristics of a bat's echolocation call.
FIG. 1.-Scatter plots of mean discriminant scores for juvenile and adult bats for discriminant function 1 (DF 1, x-axis) and discriminant function 2 (DF 2, y-axis). a) Mean discriminant scores for individual juvenile bats; each bat's mean is indicated by a number that is the same for both bats in a sibling pair. b) Mean discriminant scores for individual adult bats; each bat's mean is coded by a unique number.
Using the first 2 discriminant functions (Fig. 1a) , we calculated average distance between centroids of the 10 sibling pairs and average distance between each of the 20 juveniles and the other 19 bats. The median intersibling distance was 2.14, less than the median interindividual distance of 2.41 (Wilcoxon signed rank W ϭ 163, P ϭ 0.016, n ϭ 20).
Because relatedness of juveniles decreased the spread of centroids, DFA classification success for juveniles may be less than for adults solely due to this fact. We therefore removed relatedness as a factor by randomly choosing 1 member of each juvenile sibling pair, giving us 35 calls from each of 10 unrelated juveniles. Then, to keep group sizes comparable, we used 35 calls from 10 randomly selected adults. With those samples of juveniles and adults, we performed DFA to obtain 2 percentages that we could compare for correct classification of individuals within groups. In 20 repetitions of this procedure, each using a different sample of 20 bats, we found for juveniles that the percentage correctly classified by individual was 68-88% with a median of 77%. For adults, percent correctly classified by individual was 75-91% with a median of 84%, higher than for juveniles (Mann-Whitney U ϭ 538.5, P ϭ 0.0003).
We also examined individual discrimination within sex. Classification success of calls for females was 72.6% and for males was 73.7%, values that did not differ (2-tailed test of proportions, P ϭ 0.1). Relatedness ought not to influence those results greatly because 9 of the 10 juvenile sibling pairs consisted of 1 male and 1 female; thus, separating juveniles by sex also separated them by relatedness.
DISCUSSION
Our data set contained many related individuals (mothers and pairs of offspring). We do not view this as a particular problem because the situation probably mimics that in the wild (e.g., maternity colonies-Barbour and Davis 1969). Furthermore, our data set was large enough to evaluate if genetic relatedness and maternal effects (effects of maternal phenotype on litter phenotype) were essential to DFA success, because we could form random subsamples of unrelated individuals to test the DFA. In the 2 cases in which DFA yielded significant discrimination (i.e., of age class and of individual), DFA results with unrelated individuals proved robust, suggesting that nei-ther genetic relatedness nor maternal effects were critical factors.
Age variation.-Success in classifying all bats and male bats to age class was significantly better than chance. For females, the DFA was not significant, although the trend was in the proper direction. In classifying all bats to age class, the most important variable for the discriminant function was the ratio of the fundamental amplitude to the amplitude of the entire call, which was higher for juveniles than for adults (h1/t in Tables 1 and 3 ). At the same time, the ratio of amplitude of the 3rd harmonic to that of the fundamental (h3/h1) was higher for adults ( Table 1) .
The most likely explanation for the difference in frequencies emphasized by juveniles relative to adults is that vocal tract resonances shift to higher frequencies as the bat matures. Most of the other differences between the 2 age groups (Table 1) involve a shift to lower frequencies in the adult call. These shifts are interpreted most easily as a lowering of the fundamental (i.e., frequency of the glottal pulses) as the bat matures, perhaps by thickening of the vocal folds. Hence, if this interpretation is correct, characteristics of the adult call result from the interplay between filter characteristics, which emphasize the higher frequencies (the 2nd and 3rd harmonic), and source characteristics, which shift the fundamental to lower frequencies. The only difference between the 2 age groups not related to frequency was that calls of juveniles were generally of longer duration.
In interpreting the meaning of successful DFA discrimination by age class, 2 considerations must be addressed. First, juvenile bats were related more closely to each other than were adults, and in fact, centroids for siblings (Fig. 1a) lay closer together in discriminant space than those of nonsiblings, supporting the idea that relatedness has an influence on call characteristics (Masters et al. 1995) . Thus, it is possible that DFA discrimination by age was really due to the higher relatedness of juveniles, but tests using unrelated individuals did not support this idea. Another potential problem arises from the fact that all the juveniles in our sample were reared in the laboratory. Thus, the rearing environment most likely was more similar for juveniles than for adults, which (with 2 exceptions) were reared in the wild. If early environmental conditions have an important influence on characteristics of the sonar signal that a bat eventually develops (a possibility for which at present no relevant data exist), then age-class differences we found might actually be due to rearing conditions. Resolution of this question awaits data from wild-caught juveniles.
Eptesicus fuscus uses low-duty-cycle echolocation calls that are generally of short duration, are typically strongly frequency modulated, and contain only a short constant-frequency portion (or none at all). For the low-duty-cycle bats, E. nilssonii (Rydell 1993) and Pipistrellus pipistrellus (Jones et al. 1991) , no relationship was found between frequency of maximum amplitude and age. Conversely, for Myotis daubentonii (Jones and Kokurewicz 1994) and M. lucifugus (Pearl and Fenton 1996) , frequency of maximum amplitude was found to be higher for adults. For E. fuscus, we found no significant age difference in frequency of maximum amplitude, although we did find a suggestion that higher frequencies may be emphasized in the vocal tract of adults. Jones et al. (1991) found no age difference in ending frequency for P. pipistrellus, but Jones and Kokurewicz (1994) found that the ending frequency was lower for young M. daubentonii compared with bats Ͼ1 year. For E. fuscus, we found that starting frequency was significantly higher for juveniles (Table 1) and ending frequency (although not significant) showed the same trend.
High-duty-cycle echolocation calls are generally of long duration and typically contain a long constant-frequency portion and a short frequency-modulated portion. For high-duty-cycle bats, Jones and his co-workers found age differences in the calls of several species: Rhinolophus hipposideros (Jones et al. 1992) , Asellia tridens , and R. ferrumequinum (Jones and Ransome 1993) . The general trend in these studies is for bats Ͻ1 year old to use lower frequencies than older bats (i.e., the opposite of what we found in E. fuscus). However, a curvilinear relationship was found between frequency and age in R. ferrumequinum, with the oldest and youngest bats using lower frequencies than bats of intermediate age.
Two studies by Moss and her colleagues described development of echolocation calls in M. lucifugus and E. fuscus. In an examination of the vocalizations of M. lucifugus from 1 to 33 days old, Moss et al. (1997) found the 1st production of sonar sounds at about day 4, with a subsequent increase in starting frequency, ending frequency, and repetition rate, a decrease in duration, and an overall increase in call stereotypy. Moss (1988) found that captivereared E. fuscus began producing sonar sounds at about 6 days of age. Between days 7 and 28, starting frequency rose and duration decreased. Although we, too, found duration to be longer for juveniles, we found, in contrast to Moss (1988) , that starting frequency was higher for juveniles than adults.
Information about age seems to be present in echolocation calls and, if it is accessible to bats, may allow them to determine if another bat is an adult or juvenile from its sonar emissions. This ability might enable a juvenile bat to locate and follow an adult to an appropriate foraging site, a roost, or a hibernaculum. Adults might also use age information to locate mature reproductive partners.
Body mass variation.-In our study, body mass varied significantly with age class (juveniles weighing less than adults). Two variables covaried with body mass and were significant for age, raising the possibility that the discriminability of bats by age may be linked to body mass. For each variable we found a significant positive correlation with body mass for either juveniles or adults; however, to explain the observed differences between age classes (Table 1) would require a negative correlation. The mean body-mass difference between age groups then seems unlikely to explain the success of DFA in separating age classes. In fact, when we excluded the 2 variables that covaried with body mass from the DFA of age, we achieved nearly the same classification success as before. This suggests that age variation exists that is not linked strongly to variation in body mass, and thus the ability to discriminate age class does not require differences in body mass.
Sex variation.-We were unable to find sex differences in the echolocation calls of E. fuscus by DFA, either when we looked at all 40 bats or when we looked within age classes separately. We tried 2 other approaches to find possible sex differences, but neither approach resulted in significant correct classification by sex. This is a disappointing result because we have behavioral evidence that adult females can differentiate between echolocation calls of unfamiliar adult males and adult females on purely acoustic grounds (K. A. Kazial and W. M. Masters, in litt.) . It is unclear what cues the females might be using to perform this discrimination.
Other researchers also have failed to find sex differences in low-duty-cycle echolocation calls. Jones and Kokurewicz (1994) found no sex differences in ending frequency or frequency of maximum amplitude for the sonar calls of M. daubentonii. Among juvenile P. pipistrellus, Jones et al. (1991) found no sex differences in echolocation calls for ending frequency or frequency of maximum amplitude. Masters et al. (1995) also were unable to differentiate between juvenile female and male E. fuscus by DFA (adults were not tested).
Sex differences have been found in the high-duty-cycle echolocation calls of R. hipposideros (Jones et al. 1992) , A. tridens , Rhinolophus rouxi (Neuweiler et al. 1987) , and Pteronotus parnelli (Suga et al. 1987) . For these species, the call frequency is higher for females than males, and in 3 of the 4 species, females are the larger sex. For R. hipposideros, which are sexually dimorphic, Jones et al. (1992) did not find a correlation between sexes in call frequency and body mass or forearm length; they therefore concluded that sex, not size, determines call frequency. Suga et al. (1987) found that female P. parnelli are somewhat larger and have a higher frequency call than males.
The ability to determine the sex of a bat by its sonar calls would be useful for locating potential mates from a distance, although at close range olfactory cues might be more useful. Thomas et al. (1979) observed M. lucifugus males emitting echolocation-like calls from crevices or holes to which females were attracted. Perhaps females of this species can recognize males by their calls.
Individual variation.-In agreement with the present study, individual differences in the echolocation calls of bats have been reported for several vespertilionid species (Brigham et al. 1989; Masters et al. 1991 Masters et al. , 1995 Obrist 1995) . We found that individual adults were somewhat more easily discriminated than juveniles, agreeing with our earlier findings (Masters et al. 1995) , and that within each sex, individuals could be discriminated equally.
One interpretation of the greater success in discriminating adults than juveniles is that adult calls are more individually consistent and hence easier to recognize by DFA. The evidence for this is that, among juveniles, percentage of calls correctly classified for a given individual correlates with age of the individual (Masters et al. 1995) . Relatedness among juveniles probably affects their separability by DFA, but our tests with groups of unrelated bats also showed adults to be more easily classified. Therefore, the lower classification success for juveniles was not due solely to presence of siblings, which lends support to the idea that a bat's sonar signal becomes more stable with age. A 2nd possibility is that the rearing environment, which was probably more similar for juveniles than for adults, may affect classification success, but we have no data to address this idea.
The importance of individual distinctiveness of echolocation calls may be to help a bat recognize its own echoes among echoes of other bats (Masters et al. 1991 (Masters et al. , 1995 . Bats also may be able to identify other individuals by their calls, which would have far-reaching social implications. This possibility remains to be tested behaviorally.
Need for behavioral data.-Although a number of studies have shown that echolocation calls contain various types of information (e.g., species identity, colony affiliation, familial relationship, age, sex, and individual identity), few have tested if bats actually pay attention to these differences. Balcombe and Fenton (1988) found that Myotis lucifugus, Lasiurus borealis, and M. yumanensis respond preferentially to echolocation call playbacks of conspecifics rather than to other sounds. These results suggest that sonar calls may be communicative within species, perhaps helping bats locate food patches or achieve proper spacing on feeding areas (Balcombe and Fenton 1988; Leonard and Fenton 1984) .
Only 5 studies of which we are aware have tested the response of bats to intraspecific differences in echolocation calls. Möh-res (1967) found that when a horseshoe bat (R. ferrumequinum, a high-duty-cycle bat) was released into a room it could recognize the echolocation calls of other bats and use this information to land near a concealed, familiar individual. Pearl (1994) found colony differences in echolocation calls of M. lucifugus; however, he could not demonstrate that bats responded differentially to echolocation calls from different colonies.
Two studies have examined the response of bats to echolocation call playbacks in the context of mother-young recognition. De Fanis and found that lactating female Plecotus auritus have individually distinct echolocation calls and that infants in Y-maze experiments chose playbacks of their mothers' calls. On the other hand, the same authors (De Fanis and Jones 1996) found that infant P. pipistrellus did not discriminate between echolocation calls of their mother and those of another female. The fact that the infant P. pipistrellus were somewhat older than the infant P. auritus may be relevant.
We have investigated sex differences in echolocation calls (K. A. Kazial and W. M. Masters, in litt.) and have found that female E. fuscus discriminate between echolocation calls of males and females, despite the fact that in the present study we were unable to discriminate calls by sex using DFA. This, of course, raises the question of how the bats discriminate. More importantly, it illustrates that no necessary correspondence exists between discriminatory abilities of bats and DFA, thus underscoring the need for behavioral tests of discrimination. Frequency of 2nd harmonic at lower 10-dB bound t.h2.x1b
Time at lower 10-dB bound of 2nd harmonic h3.max.a
Frequency of maximum amplitude of 3rd harmonic h1/t a Ratio of fundamental amplitude to amplitude of entire call h3/h1 a Ratio of 3rd harmonic amplitude to amplitude of fundamental a The 13 variables used in analyses of variance and analyses of covariance.
